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Abstract 
Despite the increasing number of studies that have examined the therapeutic effect of treadmill training programs in 
Parkinson's disease (PD), there has been little research to evaluate the modifications of gait induced by treadmill 
walking. We investigated spatiotemporal differences between treadmill and overground walking in patients with PD. 
PD patients significantly increased their step length and step height; and reduced their cadence, step width and step 
width variability on the treadmill in comparison with walking overground. PD patients are able to attenuate their 
short shuffling steps when walking on a treadmill.  
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Introduction 
Gait in PD classically presents a reduction in stride length, and an increase in double support phase 
and stride-to-stride variability [1, 2]. People with PD also exhibit a slow, shuffling and forward-stooped 
gait [3]. Shuffling is produced when feet barely leave the ground and this gait abnormality has been 
related with the quality of life in PD [4].  
In the last few years, an increasing number of studies have examined the therapeutic effect of 
treadmill training on gait in PD (for review see 5 and 6) [5, 6]. Several studies have examined gait 
kinematic differences between treadmill and overground walking in PD, reporting a reduced gait 
variability [7] and an increased step length [8, 9] during treadmill walking. However, it remains unknown 
whether other biomechanical parameters, such as step width and step height, are modified during 
treadmill walking in PD. A better understanding of the modification of the gait parameters may help to 
explain the potential benefits of treadmill training in PD. Thus, the main goals of this study were to 
compare spatiotemporal parameters of gait in PD patients during treadmill and overground walking, and 
to determine how these changes compare to those seen in age matched healthy controls.  
Materials and methods  
Eight subjects with PD in stage 3 of the Hoehn and Yahr classification [10] (4 males and 4 females; 
mean age 65.56 years, range 52–74 years) and eight age-matched healthy controls (4 males and 4 females, 
mean age 63.24 years, range 51–74 years) were recruited. Exclusion criteria included inability to walk 
unassisted for 10 minutes, dementia, other neurological disorders; and visual, respiratory, orthopaedic or 
cardiovascular problems that affect gait. The level of functional disability was examined using the 
Unified Parkinson’s Disease Rating Scale [11] and the Schwab and England scale [12]. Data collection 
was carried out with the subjects in “on” medication state. All participants provided informed consent 
according to the declaration of Helsinki and the Ethics Committee of our Institution approved the 
experimental protocol (2009/346).  
The testing procedure has been previously described [9]. Briefly, each subject was evaluated walking 
overground a distance of 60 m on a 10 m walkway and after that was tested on the treadmill (SporsArt 
6300, Sports Arts Fitness, China) for 1 minute at that same speed of overground walking. A 
familiarization with the testing conditions was performed before data was collected. All participants 
walked on the treadmill while holding the handrails and with a safety harness, which did not support the 
subject’s body weight.  
Four video cameras (Sony DCR-HC19E, Sony Corporation, Japan) were used to register gait 
performance in the transverse, sagittal, and coronal plane (50 Hz). The recording volume was 2.5 m long, 
1 m wide, and 0.52 m high for the overground walking and 1.27 m long, 0.46 wide, and 0.27 m high for 
the treadmill gait. A retroreflective marker (0.022 m in diameter) was placed on the posterior part of the 
heel on each shoe and its coordinates were obtained using Kinescan software 2001 (Biomechanics 
Institute of Valencia, Spain). Two photoelectric cells (Omron E3G-R17, Omron Corporation, Japan) were 
used during the overground tests to calculate gait speed.  
The variables measured included: step length (m) as the anterior–posterior distance from heel-strike of 
one foot to heel-strike of the contralateral foot; step width (m) as the medial–lateral distance between 
those locations; step height (m) as the maximum vertical dis- placement of the heel during the swing 
phase; cadence (steps/min); coefficient of variation (CV) of step length (%); CV of step width (%); and 
CV of step height (%). CV was calculated as follows: (standard deviation / mean) × 100.  
We employed the Student’s t tests to compare PD and control subjects with respect to background 
characteristics. A repeated-measures analysis of variance (ANOVA) was carried out to compare 
overground and treadmill gait using condition (overground and tread- mill) and group (PD and control) as 
factors. Post hoc tests were computed using the Bonferroni correction. All statistical analyses were 
performed using PASW Statistics 18 (SPSS Inc, USA). A P value ≤ 0.05 was considered statistically 
significant.  
Results 
Characteristics of the PD and control group are shown in Table 1. No differences were found for age, 
weight, leg length or height between groups.  
Table 1. Subject characteristics 
 PD group Control group Group differences* 
    
Age (years)  65.56 (7.69) 63.24 (8.06) NS 
Weight (Kg)  72.86 (10.25) 73.20 (7.51) NS 
Leg length (cm)  83.32 (5.37) 85.58 (3.51) NS 
Height (cm)  160.90 (7.00) 165.24 (7.25) NS 
Disease duration (years) 8.33 (4.25) – – 
UPDRS  65.43 (14.80) – – 
S&E  72.86 (7.56) – – 
    
 
 
Data reflect means with standard deviations in parentheses. *Significance was 
assessed by t test (P ≤ 0.05). UPDRS: Unified Parkinson’s Disease Rating Scale. 
S&E: Schwab and England scale 
Table 2 summarizes the main results. The ANOVA showed a significant condition*group interaction 
in step length (F 1 , 15 = 15.57, P = 0.002), cadence (F 1 , 15 = 14.33, P = 0.002) and step height (F 1 , 15 
= 8.46, P = 0.012) without a significant main effect for condition. Post hoc tests showed that for PD 
subjects, treadmill walking significantly increased step length ( P = 0.007) and step height ( P = 0.013), 
and reduced cadence (P = 0.005) in comparison with the overground condition. In the control group, there 
were no significant differences in these variables. There was a significant main effect for condition in step 
width (F 1 , 15 = 5.62, P = 0.034) and CV of step width (F 1 , 15 = 6.20, P = 0.027) without a 
condition*group interaction. That is, step width and CV of step width were greater in the overground 
condition (M = 0.12, SD = 0.02 for step width; M = 18.57, SD = 8.12 for CV of step width) than in the 
treadmill condition in both groups (M = 0.10, SD = 0.03 for step width; M = 13.63, SD = 10.50 for CV of 
step width).  
  
Table 2. Means of gait parameters with standard deviations in parenthesis and summary of statistical results 
 PD GROUP  Control group  Anova results (P) 
 Overground Treadmill 
Post hoc 
test (P) 
 Overground Treadmill 
Post hoc 
test (P) 
 Group 
Conditio
n 
Group × 
condition 
            
Step length (m)  0.46 (0.08) 0.53 (0.11) 0.007  0.71 (0.06) 0.67 (0.07) 0.130  <0.001 0.139 0.002 
Cadence (steps/min)  
101.15 
(10.51) 
87.40 (11.57) 0.005  
113.26 
(10.30) 
117.59 
(17.37) 
0.226  0.004 0.070 0.002 
Step height (m)  0.21 (0.04) 0.24 (0.03) 0.013  0.26 (0.02) 0.25 (0.05) 0.424  0.062 0.115 0.012 
Step width (m)  0.12 (0.03) 0.10 (0.03) –  0.11 (0.02) 0.10 (0.03) –  0.621 0.034 0.664 
CV step length (%)  6.79 (2.48) 6.70 (2.92) –  3.30 (0.37) 6.24 (4.87) –  0.154 0.141 0.119 
CV step height (%)  7.82 (6.69) 8.73 (10.27) –  3.20 (1.13) 2.85 (3.35) –  0.130 0.796 0.553 
CV step width (%)  
19.33 
(9.23) 
17.83 (12.71) –  17.70 (7.26) 8.82 (4.27) –  0.230 0.027 0.100 
            
 
Bold values indicate significant differences based on ANOVA or Post hoc analysis 
Discussion  
In PD, walking on the treadmill leads to a significant increase in stride length and a decrease in 
cadence in comparison with overground walking, while no differences were found between both 
conditions in controls. These results support previous findings that showed step length modifications on 
the treadmill in PD [8, 9]. These beneficial biomechanical changes could be the origin of the carryover 
effects of treadmill walking previously described in PD [13–15].  
Only the patients with PD increased their step height when they walked on the treadmill in 
comparison with overground walking. This result suggests that on the treadmill patients demonstrate a 
gait pattern with less shuffling than that observed overground. This finding is of importance since 
shuffling can lead to an increase in falls [16]. To our knowledge, this is the first study in PD that 
evaluates the effects of treadmill walking on step height. The mechanisms underlying the improvement in 
step length and step height in PD during treadmill walking remain largely unknown. Whilst walking on a 
treadmill the subjects had a hand support and a stable visual feedback, which could account for these 
improvements. However, a recent study has suggested that improvement in the step length is due to the 
proprioceptive information generated by the belt movement, as no improvement was reported when 
patients used a treadmill simulator which did not have a belt [8]. Therefore, when walking on the 
treadmill, this pro- prioceptive information could act as a sensory cue, allowing PD patients to use 
neuronal circuits different from those of the basal ganglia-supplementary motor area pathway [17] and 
diminishing motor symptoms such as shuffling gait. Another possible hypothesis is that the treadmill 
could activate central pattern gen- erators by providing different sensory inputs to the subject (e.g. hip 
extension that could promote hip flex- ion) [18]. Therefore, both mechanisms could account for the 
changes of step height and step length reported in our study.  
Both PD and control subjects showed reduced step width and variability when walking on the 
treadmill in comparison with walking overground. Alterations in these parameters have been associated 
with falls in older people [19, 20]. The increments in step width and step width variability could reflect a 
strategy of the central nervous system to control the center of mass and maximize stability [21]. 
Therefore, our results could suggest an improvement in balance while walking on the treadmill, mainly 
due to the fact that subjects kept their hands on the handrails, which could help to improve their stability 
and consequently reduce step width and step width variability.  
In conclusion, our study shows that patients with PD can improve their gait pattern when walking on a 
tread- mill compared with overground gait, as illustrated by longer step length, smaller step width, 
decreased step width variability and higher foot elevation. This is of relevance since gait with short 
shuffling steps is a significant challenge that affects patients in advanced state of the disease. Further 
controlled studies should investigate long-term effects of a treadmill walking program on these gait 
parameters. 
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